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In t roduct ion  

In  the a r e a  of energy resource management, more u n c e r t a i n t i e s  have developed 
the l a s t  f i v e  years  than i n  the previous twenty. I n  Figure 1, the  posted pr ice  ( r e a l  
and c u r r e n t )  of world crude o i l  i s  shown from 1960 through 1 9 7 8 .  A f t e r  a long period 
of r e l a t i v e  s t a b i l i t y ,  t h i s  p r i c e  r o s e  from $2.59 per b a r r e l  t o  $11.65 p e r  b a r r e l  i n  
one year  (1973) .  A s t rong  c a r t e l  (OPEC) developed t h a t  now asserts c o n t r o l  over a 
l a r g e  f r a c t i o n  of petroleum traded i n  i n t e r n a t i o n a l  markets. This  development has 
s u b s t a n t i a l l y  a f f e c t e d  the  p r i c e  out look  f o r  o t h e r  f u e l s  a s  w e l l .  I n t e r n a t i o n a l  
energy markets and o t h e r  segments of world economies have been changing rap id ly  i n  
the past  f i v e  y e a r s  i n  a s t i l l  emerging response t o  the  formation of the c a r t e l .  

A common percept ion o f  the  future( l ’ ’2s  t h a t  there  w i l l  be increas ing  d i s p a r i t y  
between growing demand and dwindling non-OPEC s u p p l i e s  and e v e r  r i s i n g  energy prices. 
I n  t h i s  view, the United S t a t e s  and o t h e r  major i n d u s t r i a l  n a t i o n s  a r e  confronted 
wi th  the l ike l ihood of a growing need f o r  o i l  imports  and g r e a t e r  dependence on 
fore ign  suppl ies .  The r e s u l t i n g  p o l i t i c a l  and economic problems i m p e l  government 
and business  planners  t o  cons ider  a l t e r n a t i v e  responses .  

I n  a r e c e n t l y  completed two-year s tudy  of world energy supply and demand a t  S R I  
I n t e r n a t i o n a l ,  a somewhat d i f f e r e n t  p i c t u r e  of the  l i k e l y  developments i n  fu ture  
world energy balances has been obta ined .  

Summary 

The p r i n c i p a l  conclusion of  our  a n a l y s i s  of  world energy supply and demand i s  
t h a t  there  a r e  adequate o p p o r t u n i t i e s  f o r  i n c r e a s i n g  convent iona l  s u p p l i e s  of hydro- 
carbon resources  on a worldwide b a s i s ,  d i v e r s i f y i n g  the sources  of  supply,  and sub- 
s t i t u t i n g  among f u e l s  t o  a l low an o r d e r l y  development of  a l t e r n a t i v e s  through the 
remainder of t h i s  cen tury  and f o r  some time i n t o  t h e  next  wi thout  l a r g e  p r i c e  in- 
creases .  This conclusion i s  based on the  fol lowing series of observa t ions  and 
es t imates :  

* The convent ional  techniques used t o  make e s t i m a t e s  of resource  a v a i l a b i l i t y  
i n  terms of a s i n g l e  number represent ing  r e s e r v e s  a r e  n o t  adequate infor -  
mation t o  determine f u t u r e  supply/demand balances.  Resource a v a i l a b i l i t y  
should be d iscussed  i n  terms of  recovery c o s t s  and market pr ices .  

There i s  no long-term condi t ion  of imbalance i n  supply and demand where 
“gaps“ occur. I n  the absence of a r t i f i c i a l  p r i c e  c o n t r o l l i n g  regula t ions  , 
p r i c e s  respond w e l l  i n  advance of  t h i s  impending s i t u a t i o n  t o  prevent  j u s t  
such a p o s s i b i l i t y .  

I n t e r n a t i o n a l  energy supply and demand price e l a s t i c i t i e s  have been broadly 
underest imated.  

* 

* Current  e s t i m a t e s  of proven o i l  reserves  do n o t  a c c u r a t e l y  r e f l e c t  the  long- 
range impact of h igher  petroleum pr ices .  Higher o i l  p r i c e s  are encouraging 
explora t ion  and the  a p p l i c a t i o n  of  advanced recovery techniques so t h a t  
f u t u r e  a d d i t i c n s  to proven r e s e r v e s  w i l l  he g r e a t e r  than  they would have 
been a t  lower o i l  p r i c e s .  
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' The oppor tuni t ies  f o r  f u e l  s u b s t i t u t i o n  a r e  g r e a t e r  than has  genera l ly  been 
recognized. 

There w i l l  be an expansion of the  c l a s s  of  major o i l  expor t ing  na t ions  t o  
include some new members i n  the  next  few years  (Mexico, the United Kingdom, 
Norway, China, e t c . ) .  The d i s p a r i t y  of n a t i o n a l  i n t e r e s t s  w i l l  cause 
h ighly  var ied  responses  t o  changing supply/demand s i t u a t i o n s  i n  the world 
markets. 
s h i p  and the complexity of  production a l l o c a t i o n  and p r i c i n g  dec is ions  t o  
be s e t t l e d .  

Those who j o i n  OPEC w i l l  increase  the d i v e r s i t y  of  c a r t e l  member- 

This view of world energy a v a i l a b i l i t y  has n o t  been the  consensus. A s  men- 
t ioned e a r l i e r ,  many o t h e r  ana lyses  a n t i c i p a t e  s e r i o u s  supply/demand imbalances in 
the  1980s. These d i f f e r e n t  viewpoints  a r i s e  p r i n c i p a l l y  from c e r t a i n  f e a t u r e s  of 
the  present  ana lys i s  descr ibed  below t h a t  a r e  n o t  u s u a l l y  considered i n  t h i s  kind 
of s tudy.  These f e a t u r e s  do not  e l imina te  the  s u b s t a n t i a l  u n c e r t a i n t i e s  inherent  
i n  t h i s  kind of  a n a l y s i s  from unant ic ipa ted  p o l i t i c a l ,  s o c i a l ,  o r  technologica l  
developments (e.g., wars, embargoes, a major depress ion ,  o r  a breakthrough i n  
photovol ta ic  c e l l  economics, e t c . ) ,  bu t  they do provide a powerful t o o l  f o r  evalu-  
a t i n g  the p o t e n t i a l  s e n s i t i v i t y  of the r e s u l t s  t o  these  changes. 

The Analy t ica l  S t r u c t u r e  

I t  has been customary f o r  energy a n a l y s t s  t o  hypothesize a "scenario"  p r i c e  o r  
s e t  o f  p r i c e s  f o r  some reference  energy source,  u s u a l l y  Middle East  o i l ,  and then 
t r y  t o  determine how the demand f o r  o i l  w i l l  grow and what suppl ies  w i l l  be produced 
a t  t h i s  pr ice .  I n  t h a t  approach, demand i s  growing exponent ia l ly  and suppl ies  a r e  
r e l a t i v e l y  s t a t i c .  It i s  n o t  s u r p r i s i n g  then t h a t  a t  some poin t  demand exceeds the  
supply,  c r e a t i n g  an "energy gap.' ' 

The procedure o u t l i n e d  above s i m p l i f i e s  the a n a l y s i s  by ignor ing  t h e  feedback 
among energy supply, demand,and p r i c e s ,  and t h e  e f f e c t s  of  p r i c e s  on i n t e r f u e l  sub- 
s t i t u t i o n .  That approach i s  n o t  complete, however, because i t  ignores  t h e  dynamics 
of energy pr ic ing  through time. 

Energy p r i c e s  respond not  on ly  to  the  ins tan taneous  supplyfdemand balance but  
a l s o  to  producers' and consumers' percept ion of  the f u t u r e .  
t h a t  h i s  resource is  growing scarce  because of d e p l e t i o n  o f  the reserves ,  he w i l l  
demand h igher  pr ices  now f o r  incremental  production. 
p r i c e  depends upon a v a r i e t y  of time dependent v a r i a b l e s  including:  

I f  a producer perce ives  

How much he can r a i s e  h i s  

The r a t e  a t  which the resource i s  being deple ted  now and what r a t e  might 
be expected i n  the  f u t u r e  

That producer 's  p o t e n t i a l  l o s s  o f  market share  t o  o t h e r  producers of the 
same resource o r  t o  competing s u b s t i t u t e s  o r  to  d e c l i n i n g  demand 

The impact t h a t  h igher  p r i c e s  would have on the  s t imula t ion  of new tech- 
nology t o  rep lace  f u t u r e  demand f o r  the  product 

The ind iv idua l  producer 's  preference f o r  present  income versus  defer red ,  
perhaps higher ,  income a t  some f u t u r e  t i m e .  

Therefore ,  a t  any given time i n  energy markets ,  a v a r i e t y  of ind iv idua l  d e c i -  
s i o n s  a r e  being made by producers and consumers t h a t  rebalances the supply/demand 
equat ions.  

The q u a n t i t a t i v e  a n a l y s i s  here  has  centered  around the  development of a world 
energy model(3) b u i l t  i n  two p a r t s  and c a l l e d  ENDEM and FUELCOM, respec t ive ly .  
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ENDEM (Energy Demand Model) i s  a r e p r e s e n t a t i o n  o f  o u r  a n a l y s i s  of  energy demand de- 
velopment on a reg iona l  b a s i s  f o r  15 d i f f e r e n t  end-use c a t e g o r i e s  (steelmaking, 
chemicals, res ident ia l /commercial  space  h e a t ,  t r a n s p o r t a t i o n ,  e t c . )  a s  a funct ion of 
assumptions about macroeconomic v a r i a b l e s  such as populat ion,  GNP per  c a p i t a ,  and 
t r a d e  balances. FUELCOM ( I n t e r f u e l  Competition Model) represents  our  a n a l y s i s  of 
the  compecition among d i f f e r e n t  f u e i s  ( o i i ,  coa l ,  gas ,  nuc iear ,  hydro, and ochers) 
f o r  each of  the  end-use markets i n  each region.  
p r i c e s  f o r  each f u e l  i n  each region based upon o b t a i n i n g  supply/demand balances a t  
each point  i n  the  energy network from resource  product ion,  through conversion and 
t r a n s p o r t a t i o n  l i n k s ,  t o  end-use consumption i n  each of the  demand markets used by 
ENDEM. 

FUELCOM c a l c u l a t e s  market c lear ing  

The approach used i n  t h i s  s tudy t o  i n t e g r a t e  the demand and supply work i s  an 
i t e r a t i v e  process. A t  f i r s t  a t e n t a t i v e  economic p r o j e c t i o n  (GNP growth r a t e s ,  
t r a d e  flows, i n d u s t r i a l  product ion,  consumption) i s  used t o  c a l c u l a t e  t e n t a t i v e  
energy demand pro jec t ions  by end-use ca tegory  f o r  each region ( a t  the h i g h e s t  l eve l  
of  regional  aggregat ion)  i n  ENDEM. These p r o j e c t i o n s  a r e  used i n  FLIELCOM t o  obtain 
an o v e r a l l  energy demand/supply balance a t  a market c l e a r i n g  p r i c e  f o r  each f u e l  i n  
each region over  the e n t i r e  t i m e  hor izon.  This  t e n t a t i v e  energy balance i s  compared 
by the  a n a l y s t  wi th  the  assumptions on energy p r i c e s  and t r a d e  flows i m p l i c i t  i n  
ENDEM. I f  they a r e  c o n s i s t e n t  and reasonable  i n  the  judgment o f  t h e  a n a l y s t ,  a con- 
verged s o l u t i o n  i s  assumed. I f  t h e y  a r e  n o t  c o n s i s t e n t ,  a somewhat rev ised  economic 
out look i s  made t o  take i n t o  account t h e  new informat ion  on energy p r i c e s  and t rade 
flows, and the  process  is repeated u n t i l  a converged s o l u t i o n  i s  obtained.  When 
t h i s  process i s  completed a t  the  f i r s t  l e v e l  o f  reg iona l  d i saggrega t ion  and a s a t i s -  
fac tory  convergence obta ined ,  a f u r t h e r  reg iona l  d i saggrega t ion  i s  begun us ing  the 
l a r g e r  region r e s u l t s  a s  c o n s t r a i n t s  on the  more d e t a i l e d  a n a l y s i s .  

The p r i n c i p a l  ou tputs  of  the energy model a r e  p r o j e c t i o n s  of the  reg iona l  mar- 
k e t  c l e a r i n g  p r i c e s  f o r  f u e l s  over  t i m e ,  a s s o c i a t e d  product ion q u a n t i t i e s ,  flows 
through t ransmission l i n k s ,  c a p a c i t i e s  of conversion processes ,  and demands f o r  
d i s t r i b u t e d  f u e l s .  
model. 
u n c e r t a i n t y ,  the s e n s i t i v i t y  of  the p r o j e c t i o n s  t o  these  i n p u t s  a r e  determined. 

Results--Demand 

Clear ly ,  the p r o j e c t i o n s  can be s e n s i t i v e  t o  the i n p u t s  t o  the 
By vary ing  the key model i n p u t s  and assumptions over  reasonable  ranges of 

c 

Long-range p r o j e c t i o n s  of  world energy demand have been changing s u b s t a n t i a l l y  
i n  recent  years .  
i s  more than 20 percent  lower than e a r l i e r  estimates.7'5 For example, Exxon's recent  
es t imate  o f  world energy demand f o r  t h e  non-Comunist  world i n  1985 of 125 mi l l ion  
b a r r e l s  o f  o i l  equiva len t  per day i s  down 24 percent  from es t imates  of 165 mi l l ion  
b a r r e l s  of  o i l  equiva len t  per  day made i n  1973 f o r  the  same region.  These d i f f e r -  
ences  a re  r e l a t e d  t o  changing views o f  the f u t u r e  growth of  reg iona l  macroeconomic 
i n d i c a t o r s  such as GDP and populat ion,  as w e l l  a s  t o  changes i n  the r e l a t i o n s h i p  of 
energy consumption t o  these  v a r i a b l e s  and to p r i c e .  The quadrupl ing of world o i l  
p r i c e s  s i n c e  1973 (shown i n  F igure  1)  has  had an important  impact on a l l  of these 
es t imates .  
the  shor t  term, long-term e f f e c t s  of t h e  i n c r e a s e s  shown i n  F igure  1 a r e  making big 
changes i n  year  2000 pro jec t ions .  

Today's e s t i m a t e  f o r  t o t a l  primary rgy demand f o r  the year  2000 

Even i f  demand o f t e n  appears  t o  be somewhat i n e l a s t i c  t o  p r i c e  changes i n  

The reg iona l  v a r i a t i o n  i n  a n t i c i p a t e d  primary energy consumption obtained i n  
t h i s  a n a l y s i s  i s  shown i n  Table 1. Although OECD n a t i o n s  s t i l l  account f o r  near ly  
h a l f  of  world energy consumption i n  y e a r  2000, i n  g e n e r a l ,  developing n a t i o n s  w i l l  
show higher  growth rates of  energy consumption than developed n a t i o n s  because they 
a r e  s t a r t i n g  from much lower absolu te  va lues ,  have h igher  populat ion growth r a t e s ,  
l e s s  room f o r  improvements i n  the  e f f i c i e n c y  of  consumption, and a r e  expected t o  make 
cons iderable  e f f o r t  t o  "narrow t h e  gap" i n  GDP per  c a p i t a .  
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The changing r e l a t i o n s h i p  a n t i c i p a t e d  between energy and GDP is most dramatic  
I n  1970, a b a r r e l  of o i l  equiva len t  energy w a s  used t o  gen- i n  the United S t a t e s .  

e r a t e  about $140 i n  gross  domestic product ( i n  cons tan t  1978 d o l l a r s ) .  BY t h e  year  
2000, it i s  expected t h a t  the same amount of energy w i l l  genera te  about $191 i n  GDP 
o r  a 37 percent  increase  i n  economic e f f i c i e n c y  i n  energy use.  
improvements a r e  achieved d e s p i t e  the f a c t  t h a t  e l e c t r i c i t y  consumption i s  expected 
to  grow f a s t e r  than t o t a l  energy,  and average e l e c t r i c  power e f f i c i e n c i e s  a r e  lower 
than f o r  the d i r e c t  consumption o f  f u e l s .  Such changes a r e  occurr ing  worldwide, 
a l though not  so dramat ica l ly  i n  na t ions  t h a t  have h i s t o r i c a l l y  n o t  had access  t o  
the same abundance o f  r e l a t i v e l y  low-cost energy a s  the  United S t a t e s .  

These e f f i c i e n c y  

Table 1 

PRIMARY ENERGY CONSUMPTION * 
(Mil l ions of  Bar re l s  of O i l  Equivalent  per  Day ) 

1960 1970 - 1980 - 2000 - 
United S t a t e s  20.7 31.7 
Canada 1 .8  3.0 

Japan 1.8 5.6 
Mexico/Sou t h  America 2.2 4.2 
Afr ica  1.0 1.8 
Middle Eas t  0.7 1 . 4  
C e n t r a l l y  Planned Economies 18.2 27.1 

2.2 __ 4.6 Remainder 

To ta l  61.1 101.4 

Western Europe 12.5 22.0 

- 

38.9 
4.5 

27.3 
8.8 
7.5 
3.4 
3.3 

42.9 
7.6 

144.2 
- 

58.6 
7.3 

46.3 
17.9 
20.9 

7.6 
10.5 
87.5 
19.1 
275.7 

* For most of t h i s  paper ,  the u n i t s  of energy demand w i l l  be expressed 
i n  o i l  equiva len t  b a r r e l s  to  e v a l u a t e  how changes i n  f o r e c a s t s  or 
assumptions can a f f e c t  world o i l  t r a d e - - o i l  being the  "swing fue l"  i n  
i n t e r n a t i o n a l  energy forecas t ing .  

The r e s u l t s  of the  FUELCOM i n t e r f u e l  compet i t ion a n a l y s i s  corresponding to  the  
ENDEM reg iona l  energy demand of  Table 1 i s  shown i n  the  h i g h l y  aggregated curves of 
Figure 2. There a r e  no dramatic  s u r p r i s e s  shown i n  t h i s  f igure .  World demand f o r  
a l l  forms of  primary energy i s  expected t o  cont inue t o  grow t o  the  end of the  century  
but  a t  considerably lower r a t e s  than f o r  the  most recent  25-year h i s t o r i c a l  period. 
The average h i s t o r i c a l  growth f o r  1950 t o  1975 was about  5 percent ,  whereas f o r  the  
f o r e c a s t  period the a n a l y s i s  i n d i c a t e s  world average demand growth of  about 3.4 per- 
cen t .  

O i l ,  c o a l ,  n a t u r a l  gas ,  and nuc lear  energy a r e  a l l  expected t o  play major r o l e s  
i n  supplying the increased  energy consumption, while  h y d r o e l e c t r i c  energy s u p p l i e s  
w i l l  become increas ingly  important  i n  some of  the  l e s s  developed a r e a s .  

Worldwide, nuc lear  power genera t ion  growth r a t e s ,  a l though s t i l l  cons iderable ,  
w i l l  be s u b s t a n t i a l l y  lower than most p r o j e c t i o n s  of  the  r e c e n t  p a s t  because of pre- 
v ious ly  unant ic ipa ted  p o l i t i c a l ,  s o c i a l ,  and economic problems. Gas consumption, on 
the o t h e r  hand, w i l l  probably grow more r a p i d l y  than expected. 

Primary Resource Economics 

One of the most d i f f i c u l t  and important  cons idera t ions  i n  analyzing energy sup- 
ply and demand balances i s  t o  q u a n t i f y  the  long-term economics o'f primary resource 
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production. 
s p e c i f i e s  a price-volume r e l a t i o n s h i p  a c r o s s  a 50-year time hor izon  o r  longer  i s  re- 
qui red  f o r  eachresource .  The key i s s u e s  t h a t  must be considered wi th  regard to  
primary resources  a r e :  deple t ion ,  r e s e r v e s ,  l e a s e  c o s t ,  product ion,  development, 
explora t ion ,  technologica l  change such a s  enhanced o i l  recovery o r  advanced mining 
techniques,  and wellhead o r  mine-mouth pr ice .  

In the  c l a s s i c a l  economic sense,  a long- te rn  dynamic supply curve t h a t  

The main shortcoming of  most publ ished resource  estimates i s  t h a t  p r i c e  i s  not  
e x p l i c i t l y  included;  on ly  q u a n t i t y  i f  considered.  Di f fe rences  among es t imates  can 
thus  be due to  d i f f e r e n c e s  among assumptions and d e f i n i t i o n s  as w e l l  as t o  d i f f e r -  
ences  of opinion o r  u n c e r t a i n t y  about the resource base i t s e l f .  To ana lyze  s t r a t e g i c  
energy dec is ions  and t o  e s t i m a t e  resource  a v a i l a b i l i t y ,  cans ider ing  resource  volume 
es t imates  a lone  i s  n o t  s u f f i c i e n t ;  j o i n t  price-volume r e l a t i o n s h i p s  f o r  each resource 
must be est imated and made e x p l i c i t .  

Resource suppl ies  represented i n  FUELCOM on a r e g i o n a l  b a s i s  a r e  crude o i l ,  
n a t u r a l  g a s ,  c o a l ,  n u c l e a r  f u e l ,  h y d r o e l e c t r i c i t y ,  o i l  s h a l e ,  and t a r  sands i n  
s p e c i f i c  regions.  Each of  these  i s  descr ibed  i n  each resource  bas in  by a d i f f e r e n t  
supply curve g iv ing  the marginal  c o s t  of  incremental  product ion of  t h a t  resource a s  
a func t ion  of  t o t a l  cumulat ive product ion i n  t h a t  bas in .  
pas t  discovery and development h i s t o r i e s ,  and expected f u t u r e  f i n d s  a r e  def ined i n  
the ana lys i s .  In e s t i m a t i n g  the c o s t s  of  r e s e r v e s ,  price-dependent c o s t s  such as  
l e a s e  bonus payments, r o y a l t i e s ,  and product ion taxes a r e  d i s t i n g u i s h e d  from ordinary 
e x p l o r a t i o n ,  development, and product ion c o s t s .  

Probable  in-p lace  resources, 

S p e c i f i c a l l y  excluded from the marginal  c o s t  i s  economic r e n t  ( l e a s e  bonus pay- 
ment and a d d i t i o n a l  p r o f i t s  above the  15 percent  r e t u r n  on investment) .  The marginal 
c o s t  of a resource i s  the  minimum acceptab le  p r i c e  a t  which t h e  s u p p l i e r  would be 
w i l l i n g  t o  develop and se l l  t h a t  resource .  Economic r e n t ,  r e f l e c t e d  i n  a p r i c e  higher  
than  the minimum acceptab le  p r i c e ,  is computed by FIJELCOM a s  a f u n c t i o n  of  the  p r i c e s  
of  o t h e r  energy sources  and the  dynamic c h a r a c t e r i s t ' c  of  the  market. For OPEC pro- 
ducers ,  a s p e c i f i c  c a r t e l  p r i c i n g  a lgor i thm i s  used.i3y 

FUELCOM uses  r e g i o n a l  marginal  c o s t  e s t i m a t e s  inc luding  26 o i l  resource  curves, 
26 gas resource curves ,  22  c o a l  curves ,  and 13  miscel laneous resource  curves,  in- 
c luding e s t i m a t e s  of  the  c o s t s  of  hydropower, nuc lear  f u e l ,  s h a l e  o i l ,  and t a r  sands 
i n  d i f f e r e n t  regions.  A s  an example of  t h i s  type of curve,  F igure  3 i l l u s t r a t e s  t h e  
marginal c o s t  curves  f o r  world cumulat ive s u p p l i e s  of crude o i l ,  n a t u r a l  gas ,  and 
coa l .  These world t o t a l  curves  a r e  much too aggregated f o r  use  i n  FUELCOM, but a r e  
va luable  t o  i l l u s t r a t e  s e v e r a l  important  po in ts .  s shown, coal i s  a v a i l a b l e  i n  
v a s t  q u a n t i t i e s  a t  low recovery cos t .  Recently,(5t t h e  es t imated  in-place coal  re-  
source base of  the world was increased  over  18 percent  above t h e  1974 es t imates  a t  
the  1978 World Energy Conference. S i m i l a r  modi f ica t ions  i n  e s t i m a t e s  of t r a d i t i o n a l  
suppl ies  of  o i l  and gas a r e  being made showing i n c r e a s e s  i n  product ion p o t e n t i a l  
from o l d  and new a r e a s ,  e.g., Mexico, China, Canada, t h e  North Sea,  e t c .  

From the  r e s u l t s  shown i n  the curves  of  F igure  2,  the  cumulative world consump- 
t i o n  of o i l  a n t i c i p a t e d  from 1975 to 2000 i s  700 b i l l i o n  b a r r e l s .  For n a t u r a l  gas  
and coa l ,  the  cumulative consumption i s  340 and 460 b i l l i o n  b a r r e l s  of o i l  equiva- 
l e n t ,  respec t ive ly .  
Figure 3 t o  c a l c u l a t e  a year  2000 market c l e a r i n g  p r i c e  f o r  each resource ,  i t  i s  
apparent  t h a t  world s u p p l i e s  of these  resources  a r e  by no means exhausted a t  the 
end of  the  ceniury.  
market p r i c e s  of convent ional  s u p p l i e s  w i l l  even reach the  l e v e l s  requi red  t o  make 
Sources of s y n t h e t i c  hydrocarbons commercially compet i t ive  by t h a t  time. Superim- 
posed on the  marginal  c o s t  resource curves  of  F igure  3 a r e  t h e  minimum c o s t  es t imates  

(SNG), and o i l  from s h a l e .  

Although t h e r e  i s  n o t  s u f f i c i e n t  information i n  the  curves of 

In f a c t ,  there  i s  cons iderable  u n c e r t a i n t y  a s  t o  whether the 

folmd i n  the literature!6! fDr s;T:hctic crL2-c. f ro-  co-1, s y n t h e t i c  n2:zz-l gcs 
The e a r l y  1978 posted p r i c e  o f  OPEC marker crude o i l  i s  
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a l s o  shown f o r  comparison. 
t i o n  from convent ional  s u p p l i e s ,  i t  is n o t  l i k e l y  t h a t  any unconvent ional  s u p p l i e s  
of energy w i l l  become commercially a v a i l a b l e  on a g loba l  s c a l e  before  the  end of 
t h e  century.  However, i n  s p e c i f i c  l o c a t i o n s ,  s h a l e  o i l ,  heavy o i l s ,  and s y n t h e t i c  
f u e l s  from coal  may c o n t r i b u t e  a measurable f r a c t i o n  of  r e g i o n a l  energy suppl ies .  

I n  t h i s  economic environment, because of  p r i c e  competi- 

A s  an example of evolving t rade  p a t t e r n s ,  F igure  4 shows how petroleum produc- 
t ion  p a t t e r n s  have changed s i n c e  1950 and are expected t o  change i n  the fu ture .  In 
1950 there  were four  s i g n i f i c a n t  product ion a r e a s  i n  t h e  world--North America, Cen- 
t r a l  and South America, the  Middle E a s t ,  and t h e  Sovie t  Union. 
cen tury ,  according t o  t h i s  a n a l y s i s ,  t h e r e  w i l l  be s e v e r a l  more. The Middle Eas t ,  
of  course,  remains a major s u p p l i e r  of o i l  t o  the world, a l though i t s  share  of 
world markets w i l l  be smal le r  i n  the  f u t u r e .  An important  r e s u l t  of t h i s  a n a l y s i s  
i s  the  growing r o l e  of producers t h a t  a r e  n o t  p r e s e n t l y  i n  OPEC--Mexico, the  United 
Kingdom, Norway, China, and s e v e r a l  n a t i o n s  i n  A f r i c a  and Asia .  Each i s  faced wi th  
the  need t o  develop suppl ies  and t o  market them t o  provide c a p i t a l  f o r  economic 
development. I n  a d d i t i o n ,  cons iderable  development of c o a l  and nuc lear  resources  
d i s p l a c e s  o i l  and gas  from u t i l i t y  and i n d u s t r i a l  markets .  
t o  func t ion  a s  the marginal  s u p p l i e r  o f  petroleum t o  maintain c o n t r o l  over  i n t e r n a -  
t i o n a l  o i l  p r i c e s ,  a l l  of these  development impact s t r o n g l y  upon cartel production 
growth r a t e s  and toge ther  suggest  t h a t - - f o r  a time--the o r g a n i z a t i o n  w i l l  f i n d  i t -  
s e l f  i n  the passive p o s i t i o n  o f  a t tempt ing  t o  presenre i t s  ga ins .  Future  growth 
i n  world demand f o r  o i l  w i l l  very  l i k e l y  be s i g n i f i c a n t l y  s lower than t h e  pace t h a t  
was seen i n  the years  p r i o r  t o  1974. Non-OPEC o i l  product ion w i l l  cont inue t o  grow, 
probably a t  a r a t e  h igher  than many observers  expect .  I f  the  organiza t ion  i s  t o  
cont inue t o  s e t  and maintain the  world p r i c e  of  o i l ,  i t  must a l s o  support  the  pr ice  
f o r  a l l  producers of  o i l  mwing i n  i n t e r n a t i o n a l  t rade .  Many of  the newer o i l  ex- 
p o r t e r s  such a s  Norway, the  United Kingdom, and China a r e  n o t  l i k e l y  t o  become p a r t  
of  OPEC because of t h e i r  h i s t o r y ,  p o l i t i c s ,  o r  because--for  one reason or another--  
they do n o t  view membership i n  the c a r t e l  as i n  t h e i r  b e s t  i n t e r e s t s .  A s p e c i a l  
problem f o r  the c a r t e l  i s  t h a t  non-OPEC producers can take  advantage of the  c a r t e l  
p r i c e  without  assuming any of the burdens a s s o c i a t e d  wi th  withholding product ion t o  
support  p reva i l ing  p r i c e  l e v e l s .  A s  mentioned previous ly ,  i t  is  expected t h a t  those 
who do j o i n  OPEC w i l l  increase  the  d i v e r s i t y  of c a r t e l  membership and the  complexity 
of Droduction a l l o c a t i o n  and Dricinn d e c i s i o n s  t o  be s e t t l e d .  The combination of  

By t h e  end o f  the 

Since OPEC must cont inue 

these  f a c t o r s  i s  l i k e l y  
the near  term--continue 
make h igher  real p r i c e s  

- 
t o  place pressure  on OPEC's market share  and--at least over  
t o  reduce the  a b i l i t y  and w i l l i n g n e s s  of  c a r t e l  members t o  
s t i c k .  

~ ~~ 

* The au thor  i s  now a t  the  E l e c t r i c  Power Research I n s t i t u t e .  
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